present in the fruits of various pepper variants, and the compound itself is responsible for the spicy taste of this plant. Capsaicin bonds with TRPV1 (transient receptor potential vanilloid subtype 1) (2) , which is present in large amounts in the hypothalamus, on the endings of the sensory neurons, in the dorsal root ganglia as well as in the trigeminal nerve. This receptor is also present in the kidneys, liver, bladder, and pancreas (12) . After bonding with the TRPV1 receptor capsaicin causes the cation channel to open, resulting in a flow of cations to the inside of the cell and its depolarisation. The resulting action potential is passed on to the spinal cord and is responsible for the feeling of warmth and pain (17) .
It has been proven that capsaicin modulates the metabolism of carcinogenic and mutagenic compounds, making this alkaloid an object of study for oncologists, who have begun to consider it a substance that could be used in cancer prevention and therapy (15) . In human medicine it has been proven that capsaicin is effective in cancer therapy, including for breast, pancreas, bladder, and prostate tumours (3, 4) . In veterinary medicine, current research on the habanero pepper extract and capsaicin itself has been limited mainly to the safety of its application in laboratory animals (6, 13) .
The aim of the study was a preliminary assessment of the anti-cancer efficacy of the capsaicin-containing habanero pepper extract in dogs.
Material and methods

Animals.
The study was conducted on a group of 50 dogs of different breeds, sexes (33 females and 17 males) and ages (6-18 years), which were diagnosed with tumours (mammary gland cancer was diagnosed in 29 females, 7 dogs had a chest wall tumours, 6 dogs had a tumour in the anal area, 5 had testicular tumours, 2 had tumours on the neck/head, and 1 had a tumour on its thigh) as well as 20 healthy dogs (12 females and 8 males, aged 2-12 years) as a control group. All the animals were provided with a diet supplement based on the habanero pepper extract containing capsaicin (at a dose of 74 mg of pure capsaicin per kg of animal body weight per specimen). Permission of the owners of each of the animal was obtained for the application of the diet supplement. For the tests, animals of both the study and control groups were selected where the haematological and biochemical tests did not reveal any deviations from the physiological norm. Observations were conducted for a period of 6 months, during which time the general condition of the animals receiving habanero extract containing capsaicin was monitored, with haematological and biochemical tests being carried out at two-week intervals in order to assess the tolerance to the extract in animals. The test group animals were examined for the tumour size at monthly intervals, during the entire observation period. After the end of the observations, the tumours were removed and subjected to histopathological tests.
General condition assessment. The general condition assessment of the animals used in the study was performed on the basis of clinical observations and data obtained during interviews. Special attention was paid to the possible occurrence of undesired effects in both dog groups, which could be linked to the application of habanero pepper extract, such as: vomiting, diarrhoea, or licking of the anal region.
Haematological and biochemical examination. The haematological examination was performed using an Exigo Boule analyser (Sweden), whereas the biochemical examination was conducted using a Mindray BS-300 analyser (Poland).
Tumour size measurement. Tumour diameter was determined by measurements with a ruler. The first measurement was performed prior to commencing the pepper extract administration, and subsequent measurements were made at monthly intervals.
Histopathological examination. Tumour fragments taken as samples for the histhopathological examination were fixed in 10% buffered formalin with pH = 7.2 and subsequently immersed in alcohol solutions of increasing concentrations, acetone and xylene, and moved to paraffin blocks in a tissue processor (Leica TP-20). Tissue sections with a thickness of 4 µm, performed on a microtome (Leica SR-200), were transferred onto slides. Preparations for the histopathological examination were stained with hematoxylin and eosin (HE) and assessed under an optical microscope (Nikon Eclipse E-600) following the WHO histological classification for tumours (7, 8, 10) .
Classification of malignant mammary gland tumours of epithelial origin (G1-low grade of malignancy, G2 -intermediate grade of malignancy, and G3 -high grade of malignancy) was performed according to the guidelines presented by Goldschmidt et al. (5) . Criteria for the malignant histologic grade were: tubule formation, nuclear pleomorphism, and mitoses per 10 HPF (high power field).
Statistical analysis. For easier statistical analysis the dogs were divided into 2 groups: 1 -a group with malignant tumours (37 animals), and 2 -a group with benign tumours (13 dogs). The Mann-Whitney rank test was used to demonstrate the differences between size of tumours before and after application of habanero pepper extract. Changes were considered statistically significant at p < 0.05. The Statistica 10.0 PL software was used for the calculations.
Results and discussion
Clinical examination (haematological and biochemical testing). In nine dogs of the test group and 5 of the control group, undesired effects of the administration of the habanero pepper extract were observed in the form of vomiting or diarrhoea and licking of the anal region (Tab. 1). Such disorders were mostly of a temporary character and were resolved spontaneously within 2-3 days without the need to discontinue the diet supplement. Only in one dog of the control group did diarrhoea persist for 7 days, after which time the owner did not consent to continue the administration of the extract to the animal, which was withdrawn from the study. During the observation, one of the dogs from the test group with testicular cancer died, thus the final number of tested animals was 49. In the dead dog, a post-mortem histopathological examination determined its tumour to be a Sertoli cell tumour (sertolioma). Haematological and biochemical examinations of the serum provided the following results. In the test group, a decrease in erythrocyte numbers was observed in 7 dogs, whereas a haemoglobin concentration below the lower normal limit was observed in 9 dogs. Similarly, leucocytosis was observed in 9 dogs, and thrombocytopenia occurred in 12 of the test group. The elevated activity of asparagine aminotransferase (AST) was observed in 13 dogs of the test group, alanine aminotransferase (ALT) activity increased in 11 dogs, whereas alkaline phosphatase (ALP) activity increased in 18. An increase of total bilirubin, urea and creatinine concentration was noted in the serum of 10, 9 and 9 dogs, respectively (Tab. 2).
In dogs of the control group, no disorders in the haematological examinations were detected during the observation period. A biochemical assay determined an increase in AST activity in 7 dogs, ALT in 5, ALP in 5 and increase in total bilirubin concentration in 6 (Tab. 3).
Haematological disorders in the test group persisted during the entire experiment, whereas elevated AST, ALT and ALP activities persisted during the entire study period in 7 dogs of the test group and 4 of the control group. In the remaining cases, the abnormal results of the biochemical examination returned to normal after 6-8 weeks of observation, both in dogs of the control group and of the test group.
Tumour size assessment after administration of habanero pepper extract. As a result of administration of the habanero pepper extract to those animals with tumours, a decrease in tumour sizes by 5-50% was observed in 15 dogs; no change in size during the entire observation period in 29, whereas an increase in size by 10-30% occurred in 5 despite the administration of the extract.
Histopathological examination. The most numerous group of tumours was represented by mammary gland tumours. 13 females were diagnosed with a complex low-grade G1 carcinoma. On the other hand, a complex carcinoma with a higher G2 malignancy grade was found in 5 females, and simple G1 adenocarcinomas were diagnosed in only 1 case. Another numerous group of malignant tumours of epithelial origin was represented by adenocarcinoma, located primarily in the anal region. Testicular tumours occurred in 5 males, where sertolioma was diagnosed in four specimens. Of tumours of vascular origin, 2 cases of hemangiopericytoma were found. Only singular cases of mastocytoma with malignancy grade I, basal cell carcinoma and histiocytic sarcoma and seminoma were determined. Lipomas were dominant among the benign changes (Tab. 1). Demonstration of the relationship between tumour histopathological classification and change in size after the administration of capsaicin-containing habanero pepper extract to dogs. The habanero pepper extract exhibited the greatest efficacy in relation to mammary tumours, where a complex carcinoma with a low G1 malignancy grade was histologically determined. In the case of 6 dogs, the tumour size decreased, while in a further 7 the tumour size remained unchanged.
Further tumours where the size changed as a result of administration of the tested diet supplement were lipomas (in 4 dogs), adenomas (in 2 dogs), G2 complex mammary tumour (in 1 dog), basal cell carcinoma (in 1 dog) and testicular seminoma (in 1 dog). Among the 29 tumours whose size remained unchanged during the entire observation period, a histological examination revealed the above-mentioned G1 complex carcinoma (in 7 dogs), adenoma (in 6 dogs), adenocarcinoma (in 5 dogs), tubulo-papillare carcinoma (in 3 dogs), sertolioma (in 2 dogs), grade I mastocytoma (in 2 dogs), hemangiopericytoma (in 1 dog), histiocytic sarcoma (in 1 dog), and cystic hyperplasia of the sweat glands (1 dog). Despite the use of the extract, G2 complex carcinomas (3 dogs), hemangiopericytoma (1 dog) and adenocarcinoma (1 dog) increased in size.
Statistical analysis of the tumour size before and after administration of habanero pepper extract showed statistically significant differences in tumour size reduc- of the observation.
tion in both groups -benign (p = 0.036) and malignant (p = 0.047) tumours. Differences in p value show that habanero pepper extract is more effective against benign tumours. Preliminary clinical observations by the authors indicate that the capsaicin-containing habanero pepper extract exhibits a favourable effect on different tumour types in dogs, and it is relatively well tolerated by the animals. Among the 49 dogs with tumours that were administered a diet supplement based on the pepper extract, in 15 (30.61%) the tumour size was observed to decrease, in 29 (59.18%) the tumour size did not decrease or increase during the entire observation period, whereas only in 5 dogs (10.2%) did the tumour size increase during the experiment. This demonstrates that the habanero pepper extract may inhibit tumour growth, and even induce its resorption. This effect may be linked to the fact that the capsaicin contained in the extract induces cell apoptosis as a result of inhibition of the final stage of cellular respiration performed in mitochondria. Cancer cell apoptosis is a consequence of the inhibition of electron transport from NADH to the ubiquinone by capsaicin, or its direct bonding with coenzyme Q, which causes the change of electron flow direction and creation of reactive oxygen forms in excess. The consequence of this is the dispersion of the transmembrane potential in mitochondria (14) , which is crucial for the functioning of these organelles. Apoptosis starts from the transmembrane potential breakdown, while active oxygen forms may cause damage to the structure and impairment of the mitochondrial function and, consequently, the death of the cancer cell.
Capsaicin-induced apoptosis of cancer cells is related to this alkaloid stimulating the transcription of, e.g., the p53 gene. Such a mechanism, accompanied by DNA fragmentation in cancer cells, was confirmed in the in vitro conditions for the stomach cancer cells (9) .
In the course of the in vitro examinations carried out on the T24 cancer cells of bladder in mice, it was demonstrated that, depending on the dose, capsaicin may lead to depolarisation of the mitochondrial membrane, which results in cell death.
It is suggested then that this alkaloid may be used in urine bladder cancer treatment (18) . This case is similar to that of prostate cancer, for which this alkaloid shows a strong anti-proliferation influence. Capsaicin induces apoptosis both in cancer cells with an androgen receptor (AR) and without it. At the same time, it increases the concentration of p53, Bax and p21 proteins, which participate in the control of the cell cycle. The substance in question decreases the expression of PSA (prostatespecific antigen), which is the most comprehensively studied human serine protease of the kallikreins family, produced in the prostate and present in the blood at a heightened concentration in the case of, e.g., prostatitis, benign prostatic hyperplasia, or prostate cancer (11, 16 In earlier studies by the authors, it was found that capsaicin-containing habanero pepper extract exhibits both cytotoxicity towards the D-17 tumour cells of dogs (epithelial cells of osteosarcoma obtained from metastatic lung tumours) and DAN cells (fibroblasts isolated from osteosarcoma) (1). The demonstration of an anti-cancer efficacy of the tested extract in relation to the discussed cells constituted a starting point for the clinical observations presented in this paper, the results of which are a good sign for future studies on alternative preparations used in dog oncology. 
